, respectively. We need to specify that this new result appearing in the J/ψφ invariant mass spectrum is based on a sample of pp collision data at √ s = 1.96 TeV with an integrated luminosity of about 6.0 fb −1 [1] . Additionally, the experiment presented in Ref. [1] also confirmed the observed Y(4140) previously announced in Ref. [2] .
Before finding the Y(4274) structure, there had been six charmonium-like states observed in B meson decays, which include X(3872) in B → J/ψπ + π − K [3] , Y(3940) in B → J/ψωK [4, 5] , Y(4140) in B → J/ψφK [2] , Z + (4430) in B → ψ ′ π + K [6] , and Z + (4015) and Z + (4248) in B → χ c1 π + K [7] , where we use the underlines to mark the corresponding decay channels of charmonium-like states observed in experiments. The evidence of Y(4274) revealed by CDF [1] not only has made the spectroscopy of charmonium-like states observed in B meson decays abundant, but has also stimulated theorists' interest in revealing its underlying structure. Studying Y(4274) will improve our understanding of the essential mechanism resulting in these structures. Very recently, LHCb also confirmed the observation of Y(4274) with 53± events in the B + → J/ψφK + decay [8] . Since Y(4274) was observed in the J/ψφ invariant mass spectrum, we can conclude that the quantum numbers of with the second radial excitation. In Ref. [9] , the predicted total widths of the second radial excitations of χ c0 and χ c1 are larger than the width of Y(4274). In addition, X(4350), which was observed in the γγ → φJ/ψ process with mass m = 4350.6 +4.6 −5.1 (stat) ± 0.7(syst) MeV and width Γ = 13 +13 −9 (stat) ± 4(syst) MeV [10] , was explained as the candidate of the second radial excitation of χ c2 [9] , where the measured parameters of Y(4274) are different from those of X(4350). However, at present we cannot fully exclude the P-wave charmonium explanation of Y(4274), since the uncertainty of the quark pair creation model is not under control [9] .
Besides the conventional charmonium assignment to Y(4274), Y(4274) as molecular charmonium can be produced by B meson decay. The comparison of the existing experimental information of charmonium-like states observed in B meson decays reflects a common property; i.e., these charmonium-like states are near the threshold of the corresponding charmed meson pair, which has provoked the investigation of whether these observed charmonium-like states
, and Y(4274) can be explained as the corresponding molecular charmonia [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The production of molecular charmonium via the B meson decay is allowed. The cc pair is created from the color-octet mechanism in the weak decays of the B meson; then c andc, respectively, captureq and q to form a charmed meson pair, where a color-octetpair is popped out by a gluon. Thus, a pair of the charmed mesons with low momentum easily interact with each other to form the molecular charmonium [20] .
As indicated in Refs. [16, 20] [20] . Thus, it is natural to deduce that Y(4274) can be an S-wave D sDs0 (2317) molecular charmonium with the flavor wave function This work is organized as follows. After this introduction, we illustrate the calculation details of the open-charm radiative and pionic decays of Y(4274) under the assignment of molecular charmonium. In Section III, the numerical result will be presented. The paper ends with the discussion and conclusion.
II. RADIATIVE AND PIONIC OPEN-CHARM DECAYS OF Y(4274)
Under the molecular charmonium assignment to Y(4274), it is interesting to investigate its radiative and pionic decays, since the photon and pion, respectively, from the radiative and pionic decays of Y(4274) can be easily detected in experiments. As a realistic research topic, both a theoretical estimate of their branching ratios and a study of the line shapes of the photon and pion spectra of the corresponding decays can reflect the internal structure of Y(4274) [21] [22] [23] .
In this work, we focus on two groups of decay channels of Y(4274), i.e., the radiative (D 
FIG. 1: The radiative and pionic open-charm decays of Y(4274).

The general expressions of the transition matrix elements for the radiative and pionic open-charm decays of Y(4274)
can be expressed as
where 4274), where we adopt the covariant spectator theory (CST) [27] [28] [29] [30] [31] [32] to deduce it.
A. Covariant Spectator Theory
The CST was proposed and developed to study the wave functions and the form factor of deuteron [27] [28] [29] [30] [31] [32] , where the CST is also referred to as the Gross equation. To some extent, the CST is an equivalent description of the Bethe-Salpeter (BS) equation when both are solved exactly. Thus, the CST is also widely applied to study two-body bound states. Since one particle is set to be on-shell, the Gross equation can be written easily in a form depending only on three momenta, which is different from the case of the BS equation.
The Gross equation reads as
where V is the two-body interaction kernel and G is the propagator with particle 1 on-shell. In the CST, the Gross equation is shown in Fig. 2 . Thus, bound state equations emerge automatically from the Gross equation. If the two-body system has a bound state at
where |Γ is the vertex function and R is finite at P 2 = M 2 R . By Eqs. (4) and (5), we obtain
which corresponds to the description in Fig. 3 . (1) and (2) to mark particle 1 and particle 2, respectively.
After integrating over k 0 , one obtains that the Gross equation only depends on three-momentum
where P = (W, 0) is the four-momentum of a two-body system. p and k are the relative momenta as shown in Fig. 3 . Since particle 1 is on the mass shell,
is the interaction kernel with particle 1 on the mass shell.
For the case of Y(4274), the two-body propagator G(k, W) in Eq. (7) is
The wave functions of the bound state can be introduced by
By the definition of wave functions and the equations for the vertex, we get the integral equations
where the potential is defined as
The normalization of the wave function can be obtained by the normalization of the vertex,
with
Usually, the one-boson-exchange model (OBE) is widely applied to study hadronic molecular states [12] [13] [14] [15] [16] [17] [18] 20] , which makes the above calculation simple; i.e., the potential is not dependent on W, and R = 0 [28] .
B. Nonrelativized approximation of the CST
In the following, we take the nonrelativized approximation in the CST, which was adopted in Refs [27] [28] [29] to study the wave function of the deuteron. Using the nonrelativized approximation and the Fourier transform, the integral equations in Eqs. (11)- (12) can be transferred as
where
µ with the reduced mass µ and the binding energy of two-body system ǫ = W − m 1 − m 2 .
Assuming m 1,2 ≫ V as required from a loosely bound system, we obtain
where Eq. (18) corresponds to the Schrödinger equation. The wave function in the momentum space can be obtained by the Fourier transform, i.e.,
where p is the relative momentum. The wave function ψ + (p) satisfies
from the normalization condition of the vertex in Eq. (14) .
C. Decay width
With the preceding preparation, we illustrate how to calculate the decay width of the radiative and pionic open-charm decays. The general expression of the decay width is
where q i (e i ) (i = 1, 2, 3) is the momentum (energy) of the final states. The decay amplitudes M for the sequential decay as shown in Fig. 1 can be written as 
III. NUMERICAL RESULT
In Ref. [20] , the effective potential of Y(4274) was obtained by the OBE model
with Y function
and Besides information on the wave function of the D sDs0 (2317) molecular state, the coupling constants g γ and g π can be extracted by the relations 
where we use theoretical values to determine the constants, since these experimental partial decay widths are absent at present. In the literature [25, 26, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] , the radiative and pionic decays of D s0 (2317) were calculated under different structure assignments to D s0 (2317). In this work, we take the typical values [44] , where D s0 (2317) is assumed to be a charm-strange meson. We emphasize that our numerical result is dependent on the assumption on the partial decay width of D s0 (2317), since different structure as- In Table I, 0 , since the coupling constants g γ and g π are determined by these theoretical values. We emphasize that in the current work the dissociation of Y(4274) is described by the wave function ψ + (q). Thus, estimating the branching ratios of Y(4274) decays under the CST is a realistic approach, since the wave function adopted in the calculation is obtained by solving the Schrödinger equation with the OBE potential in Eq. (29) .
In fact, we expect that the decays considered in this paper would be insensitive to details of the wave function. The reason is that the binding energy -11 MeV is much smaller than the range of forces, which is given by the mass of the eta in our model. This means that the size of the molecule is around 1/(160 MeV). The decay channels through the decays of one constituent should "know" little about the short-distance behavior of the wave function, since they are dominated by the long-distance part. This fact can be seen easily from Table  I , where different sets of parameters give almost the same results for the decay widths. One may further check Fig. 5 ; the long-distance part of the wave function is the same for different parameters, while one sees clear differences at short distances, which correspond to small values of q 
IV. DISCUSSION AND CONCLUSION
More and more observations of charmonium-like states X, Y, Z in B meson decays are providing us with a good platform to intensively study the internal mechanism for producing these charmonium-like states. this is one of the most important research topics-full of challenges and opportunities-in charm physics [47] .
Stimulated by the recent evidence of Y(4274) [1, 8] 
